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Introduction

The primary pmpose of the Onondaga Lake Ambient Monitoring Program (AMP) is to
provide information supporting future decisions on wastewater and watershed
management (On°¥aga County, 1998). These decisions may be based in part upon
changes detected in Onondaga Lake; its tnoutaries, and the Seneca River_over the next
several years. Decisiops may also rely upon comparisons of monitored conditions with
water quality standards"or management goals. The ability to detect such changes and
the reliability of such comparisons depend in part upon the design of the monitoring
program: Decisions should not be made based upon the monitoring results without an
adequate understanding of the sources and ma~tudes of variability in the data.

A previous report (Walker, 1998) describes a statistical framework with the folloWing
functions under the AMP:

.

.

.

.

Identifying and quantifying sources of variability in the data;
Evaluating uncertainty associated with summary statistics;
FoInlulating and testing specific hypotheses; and
RefiniIig monitoring program designs;

The framework is being implemented in two phases. Sampling program designs for
water quality components (phosphorus, nitrogen, Kjeldahl nitrogen, ammonia,
chlorophyll-a, transparency, & bacteria) were evaluated in Phase I (Walker, 1999).
Under Phase II, this report evaluates sampling program desi~ for the following
biological measurements: .

.

.

.

.

Plankton
Macrophytes
Macroinvertebrates
Fish

The County has provided designs for biological surveys to be conducted in 2000, as
S1m]]Darized in Table 1. Sampling designs are evaluated using variance component
models cah'brated to historical data from Onondaga Lake and other regional lakes.
Data collected under the AMP in 1999 are used as a basis for evaluating stream and lake
benthic macroinvertebrate sampling designs. The evaluations are preceded by a
summary of general concepts and methodologies used in the AMP statistical
framework.

General Concepts

AMP data will be used to test hypotheses regarding changes in lake water quality and
biota follQwing implementation of control measures. In designing a monitoring
program, the general objective is to m;n1m;7~the risk of reaching a false conclusion
based upon the data. The outcome of a hypothesis test is subj ect to Type I and. Type n
errors. Both types of error are of potential concern when management decisions are to
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be made based upon the test result (USEP A, 1998; Walker, 1998). Peterman (1990)
and Forney et at. (1994) discuss these cOncepts in the context of designing monitoring
programs to support fisheries management.

When a Type I en:prt is committ~ random variations in the data are mistakenly
.interpreted as a rea! change in the long-texm mean; ie.t the null hypothesis of no trend
is mistakenly rejected--. The maximum probability of a Type I elTOr (a ) is specified in
setting up the hypothesIs test and is commonly refeITed to as the "significance level".
Because a is specified; the risk of a Type I elTOr is theoretically independent of
monitoring program desIgn. Type I error can be inflated when inappropriate statistical
methods are used to test the hypothesis; e.g., when a method that assumes independent
and nonnally distributed data is applied to data which are serially dependent and/or
have heavily 'skewed distributions. These problems can be minimi7'~ by .transfoIn1ing
the data or using non parametric statistical methods.

Vlhen a Type n error is committed, the test fails to detect a real change; i.e., the null
hypothesis of no trend is mistakenly accepted. To sOme degree, monitoring program
design provides control over Type n elTOr. ~e risk of Type n error (/3) and the
"power" (1-~ ..) of the hypothesis test to detect real changes depend upon the following
factors (Walker, 1998):

1 The choice of statistical method. This will depend upon the statistical properties of
the variable being considered" design of the monitoring program, and expected time
scale of the response to management measures. Depending upon dataset
characteristics, some meth04g will be more powerful (have lower 13 ) than others
(Helsel & Hisrch, 1992).

2) The mecified sig:ni.ficance level of the hvnothesis test (a). This determines the
maximum risk of a Type n error (.Bmax = l' - cx ), which occurs when the real change
is infinitesimally smaIL For a smaIl change and cx = 0.05, the risk of a type n error
is 0.95 and the power (probability of detecting) the change would be only 0.05.
Power increases with the magnitude of change.

3) The ma2nitude ofthechan&e to be detected. This would reflect a shift that is
considered "significant" from a resource management perspective (e.g., change in
classification). Power for detecting smaller changes would not be used as a basis
for sampling design.

4) The number of years of mQnitoring. Power increases with the duration of the
program. The total dmation of the AMP is specified at 15 years and the frequency
of biological measurements is, for the most part, biennial (every other year). With
respect to program design, the only degree of freedom here would be to increase the
sampling frequency, i.e., shift from biannual to annual sampling if more power isneeded .



4

5) Random vear-to-year variabilitY ("noise") in the measured Rarametervariations in the data reflect: . e . Year-to-year

a) True variations in biological ~QRu1ations. These may be driven by random
variations-in climate, hydrology, or biological processes. They are independent
of the mom1oring program design.

b) Random errors':m measuring the ~u1ation mean within each ~ear. These
depend on within-year spatial & temporal variability, random sampling &
analytical errors, and spatial & temporal sampling frequencies. This
component is sensitive to monitoring program design.

Because of the last factor (Sb), high precision (low m~~t error) isa key
objective in designing monitoring plans to detect changes over time. Ifmeasurement
error is low relative to random year-to-year variations in the populations (Sa), power
for detecting trends will be relatively insensitive to further increases in sampling
frequency. Precision is alsO important for characterizing current lake condition in
relation to standards, criteria, or other reference Jakes.

High accuracy"'(1ow bias) is another design objective. Accmacy may be influenced by
spatial & temporal distnDution of samples, sampling procedures, and analytical
methods. It is assumed that accuracy will be controlled by locating stations in
representative areas and by using state-of-the 'art-sampling and analytical procedmes
that meet or exceed NYSDEC guidance manuals (NYSDEC, 1989; Forney et aI., 1994).
Accuracy is more important for comparing lake conditions with standards, criteria, or
reference lakes than for detecting relative changes over time. In measuring relative
abundance (e.g., catch per tmit effort) the concept of accuracy has no meaning," since the
true number of organisms is not being counted. Precision and consistency of methods
over time are the important factors in this case.

The AMP (Onondaga County, 1998, p. 39) discusses a target value of 20% for the
relative standard ~ (RSE) of population means. The sampling designs are evaluated
below by comparing the estimated precision of means computed on various spatial
scales (station, region, lakewide) and temporal scales (sampling date, year) with the
20% RSE criterion. Yearly means are emphasized because they control power for
detecting long-term trends. The "yearly mean" value reflects the relevant sampling
season for each parameter (e.g., Fall, May-September), not necessarily the entirecalendar year. .

Depending upon inherent variability in the biological populations and practical
constraints on the measurement process, it may not be feam'ble to attain the 200/0 RSE
goal for each monitored parameter. The difficulty in attainJI!-g this level of precision for
biological parameters is demonstrated by Phase I results (Walker, 1999). Even with the
recommended increases in sampling ~ucncy from biweekly to weekly, RSE values
for chIorophyll-a (28%) and bacteria (31 %) are still well aboye .RSE for nutrients (S-
90/0), sampled at a biweekly frequency. An RSE of 200/0 may not be necessary to
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adequately classify the lake relative to other lakes or relative to independent ranking
criteria or to detect a change with a magnitude that is considered significant ftom a
resource perspective. For example, Canton & Chadwick (1988) evaluated sampling
programs for stream benthic macroinvertebrates using a precision criterion of 40%. As
a practical alternaave to achieving an arbitrary level ofpreci sion, cost-effectiveness
(increases in preciSion per unit per unit of additional sampling effort) can be as a basis
for evaluating samp1in$ program design.

"

Variance Component Models

Variance component models are useful in sampling program design because they
explicitly represent the magnitudes and sources of measurement variations and their
sensitivity to sampling intensity (Snedecor & Cochran, 1989; Walker. 1998). As
discussed in the previous section, power for trend detection is strongly dependent on the
total year-to-year variance in the measurement:

VT Vy + E=

VT
Vy
E

= total.year-to-year variance in measmement (as CV2)
= true year-to-year variance in measured population
= random m~ent error in yearlY mean value = ~

Although any consistent set of units can be used, variance components are ~ed
here as squared coefficients of variation (CV2). The 20% RSE objective for the AJt.IfP
corresponds to an E value of OZ or 0.04.

Depending upon the frequency distnoution of the m~mts, transformation of the
original measurements (e.g., square roots or logarithms) may be appropriate to promote
normality and satisfy assumptions of the statistical methods used in testing hypothesis.
Variance components can be estimated on transformed data. CV2 values are
approximately equal to the variances of In-transformed data (Snedocor &
Cocbran,1989).' This is convenient becauSe logarithmic 1ransformations are frequently
appropriate for water quality and biological data (Green, 1979; Forney et a1, 1994).

The Vy term is an inherent system characteristic that is independent of the sampling
program design. In practice, the V y telm cannot be measmed directly, but can be
estimated from the observed total variance (VT) and independent estimates of the
measurement error component (E). Equations relating measurement error on various
spatial scales (sample, depth, station, "lake-wide) to sampling intensity are descnDed
below. The model fOmlulations described below provide an ~tia1 framework for
evaluating AMP designs. It is likely that both model stIUctUIes and parameter estimates
will evolve as data are collected and atialyzed over the course of the AMP.

The following equation can be used to estimate measurcment error for a monitoring
program tracking the average yearly value at a given station or stratum, sampled at
different depths. with replication:
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Es ~ VD IND VR I No NzNR+ Vz/NoNz +

where,

Es.
Vo
Vz'.,
VI.

No

Nz

NR.

- measmoement error (RSE1 in yearly station or stratmn mean
= random, Within-year temporal variance
= random variance with depth at a given station on a given date
= variance among replicates
= number of smnpling dates per year
= number of sampled depths
= number of replicates per sampling date

This equation represents a three-stage sampling design based upon a three-factor nested
random analysis of variance model (Snedecor. & Cochran, 1989). Depending on the
magnitude of the individual terms, measurement error can be reduced by increasing the
numbers of sampling dates, depths, and/or replicates. The dimensions of the equations
(date, depth, replicates) are modified, as appropriate, to reflect the dimensions of the
sampling design for each biological parameter: Because replicate variance term is
divided by a relatively large number (ND Nz NR = total number of samples collected at
the station over the year), total measmement error is often insensitive to the number of

replicates.

The date te1'In reflects random temporal variatioDS within each year. Fixed seasonal
variatiODS (regular seasonal patterns) would not be included because it is assumed that
such variations would be factored out of trend tests (conducted using the seasonal
Kendall test, for example). Provided that the sampling program is consistent from year
to year, fixed seasonal variations would not influence the time series of annual meaDS
tested for trends or step changes. Within-year temporal variations in general would not
be a factor in biological measurements which are conducted regularly in a specific
season (for example, macroinvertebratcs). In these cases, it would not be poSSlole to
repeat the measurements. more than once in each year (ND = l), but it may be possible to
improve precision by incrWing the number of replicates (NR).

The depth term reflects random variance within the sampled depth interval for each
station and date. Under the current AMP design, only pelagic fish larvae and littoral
macroinvertebrates will be sampled at multiple fixed depths. Assuming that the
monitoring program design is consistent from year to year, :fixed variations with depth
(consistent.from year to year) would not contnoute to variability in the time series of
annual means tested for trends and are not considered in estimating measurement error

A two-stage model can be used for parameters that are not sampled with depth

Es ~ VD 1Nt> VI. I ND NI.+
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A one-stage design is used for variables that are sampled only once per year at each
station with replication:

Es = VR INR
.~,

!fthCIC is no replication, (NR = 0), there is no basis for estimating measurement error.

For some parameters, a spatial component is added to estimate measurement error
variance in the yearly Iak:e-wide mean:

EL = Vo /No + Vs/NDNs + Vz/ NDNsNz + VR / NoNsNzNR

where,

= measurement error (RSE1 in yearly lake mean
= random spatial variance on each sampling date
= number of stations

EL
Vs
Ns

This equation~epresents a four-stage sampliIig design based upon a four-factor nested
analysis of variance (Snedocor & Cochran, 1989). The equation assumes that the lake-
wide mean is computed as the 1inear average of the station means on each date. If the
mean is computed using weighted average across stations (stratified design based upon
relative surface areas or shoreline length, for example), the last three variance terms
would be weighted accordingly. This might apply, for example, to "the stratified design
used measure macrophyte biomass.

The random date variance terms (VD) for the station and lake-wide means are assumed
to be equal. This is equivalent to assuming that random temporal variations are
correlated across stations. To the extent that this is not the case, the above equation
would over-estimate EL, since the uncorrelated portion ofVD would be divided by ND
and Ns (vs. ND alone). This assumption leads to a conservative assessment of

precision.

The spatial variance component (V s) teIm reflects random spatial variance on a given
sampling date. Fixed spatial variations (consistent from year to year) would not
contnoute to variability in the time series of aImual means tested for trends. Fixed
spatial variations would also be factored out if tests for trends are based upon a two-way
analysis of variance (stations x time period).

Power Estimation

Power estimates are developed for one-tailed hypotheses tested with a t-test (step
change in a direction that would reflect an improvement) or regression (linear trend).
In practice, non-parametric methods (e.g., Seasonal Kendall, Mann-Whitney, Kn15kal-
Wallis) may be used to test for trends or step changes because they are more robust and
powerful than parametric methods (linear regression, t-test) in the presence of outliers.
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or ~ep~ from normality (Helsel & Hirsch, 1992; Gilbert, 1987). Simple equations
for estimating the power of non-parametric procedures have not been developed,
however. Using simulation techniques, Lettenmaier (1975) demonstrated that, as
compared to paranietric methods, nonparametric methods have slightly less power but
similar response to. ~ling frequency when applied to normally distn"buted data.
Nonparametric methods typically have higher pow'er when applied to data that are not
normally distn"buted 'Or contain outliers (Helsel & Hirsch, 1992).

"

"

Future management measmes will be implemented over a period of years. Chemical
and biological responses'to these measures may occur over a range of time scales. It is
unlikely that either a step increase or linear trend will be the ideal model for observed
lake ~nses. The choice of model will be determined by the sequence of
management actions and observed patterns in the data. For these reasons, power
esri~~~-~ developed below for the t-test and linear regression provide approximate
estimates of the power of hypotheses tested under the AMP .

If a one-tailed test is used to test for a hypothetical step increase in a given parameter,
based upon n years of data before & after a hypothetical change, the following
equations desCfibe the hypothesis test and power esnmation (Lettenmaier, 1975;
Walker. 1998):

D<-O

DM n/2) 1/2/ CVT

Rej ect Ho if: t > ta,do{

dof = 2n-2

D (n/2) 1Il/ crTNT -
1-~Power = - F (NT - ta,dDrt do!)

Where,

Ho = null hypoth~
D = actual step increase in long-term mean
~ - measured step increase in long-term mean, as a fract¥m (0.5 - 50% increase)
NT = dimensionless trend n\DDber
CVT = random ycar-to-ycar coefficient of variation, CVT = VT1/2

ta,do( = one-tailed t-statistic with significance level a and dof degrees of freedom
F = cumulative distribution of Student's t with dof degrees of freedom
Power = probability of detecting change (rejecting null hypothesis)
a ~ assumed significance level for test = maximum risk of Type I eITOr
13 - risk of Type n error for a change ofmagnitudc D
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These equations Wume that CV T is estimated from the data. The -corresponding
equations for a linear trend tested by liIiear regression with m years of data are:

B<=O

[m (m-l) (m+l)] ~ J [12 ':'CVT]
Nt B'-
BA - B I k

= m-2

-.6
Power = - F ( Nt - ta.dof, do!

where;

Nt
m
B
BA
k

= dimensionless trend number
= number of sampled years
= trend, fraction per sampled interval (e.g. 0.1 - 100/0 increase per interval)
= tren4 magnitude, fraction per year (e.g. 0.1 m 10% increase per year)
= samPling interval (1=ev~ year, 2 = every oilier year, etc.)

Under the AMP, most biological parameters will be sampled every 2 years for a pmiod
of 12 years. This provides approximately 3 years of baseline and 3 years of post-
implementation data (n=3, m=6).

Figure 1 shows the dependence of power on the change magnitude (D = 0 to 2) and
year-to-yearvariability (CVr -.1 to.7) for a = 0.05. The CVr range roughly
corresponds to values estimated for various chemical and biological parameters based
upon historical data from Onondaga & other regional lakes (see below). The bottom of
Figure 1 shows "S80" values (defined as the step increase detectable with 80%
confidence or ~ = 0.2) for significance levels ranging from 0.01 to 0.2. These values
are derived by specifying ~ and back-solving the above equations for D.
CotTesponding results for a linear trend test are shown m Figure 2. The 800/0 power
level is used as a sampling design criterion in the NYDEC Percid Sampling Ma!!I)Aj
(Forney et al., 1994)

The CVT values in Figures 1 and 2 reflect the combined influences of~-11dQm year-to-
year variations in the biota and m~urement error. The latter is reflected by the AMP
precision target (RSE <= 0.2). In the absence of inherent year-to-year variations, a
program designed with thiS level of precision would be able to detect step increases
>=500/0 or linear trends >=7% per year with 80% confidence. With less precision (RSE
= 0.3), corresponding values would be 75% and 10% per year, respectively. These
values are read from the bottom panels of Figures 1 & 2 with a = 0.05. They represent
optimistic estimates of power, since random year-to-year variations would be expected
in all biological populations.
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Evaluation Criteria

Using methods descnoed above, the following statistics are computed for each
parameter and used as a basis for evaluating the AMP design:

",

. Precision{R§E) of the Yearly Mean Vi. 20% Target (primary Criterion)

. CV of the Y~ly Mean

. Precision (RS~ of the 3-yearMean (-Baseline)

. Power for DeteCting Step Increases of 25, 50, & 1 OOO/~

. S80 = Step Increase Detectable with 800/0 Confidence (%)

. Power for Detecting Linear Trends of 3,5, and 10 %lyr.

. T80 = Linear Trend Detectable with 80% Confidence (%/yr)

The above Criteria are computed for station and/or lake-wide yearly means, as

appropriate for each parameter.

Primary emphasis is placed on precision (RSE) of the yearly mean because (1) it is
directly related to the design of the sampling program and (2) a target (RSE<=200/o) has
been specified for the AMP. The r~jning criteria depend on the RSE and on random
year-to-year variance. The latter is both beyond the control of the monitoring program
and impossible to determine without a multi-year data sets collected with consistent
protocols. Since such data sets do not exist for the biological parameters considered in
this report, random year-to-year CV's in the range of 0.1 to 0.3 are assumed. This is
based upon the estimate for chlorophyll (0.19) derived in Phase I (Walker, 1999). The
3-year mean is relevant for establishing average baseline (1999-2004) conditions and
for classi~g the lake relative to other reference lakes or independent criteria (e.g.,

trophic state).

To reflect uncertainty in variance component estimates, Monte-Carlo simulation
techniques (Reckhow & Chapra, 1983) are used to predict the expected ranges of these
criteria for assumed ranges of variance components. V ariance comp~ent estimates are
drawn from uniform distributions with ranges derived from literature references or
historical Onondaga Lake data. The frequency distribution of each predicted
performance measure is expressed in terms of the 80% confidence interval (1 Olh, 50th,
and 901h percentile).

The following values are computed for each parameter, spatial scale, and perfonnance
measure:

.

.

.

.

.

Median Estimate for AMP Design
10dt Percentile for AMP Design
90th Percentile for AMP Design
Median &timate, Doubling the Number of Replicates
Median Estimate, Doubling the Number of Sites (or Transects)
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Median Estimate, Doubling the Number of Years (Yeariyvs. Biennial
Sampling)

.

Results illustrate both the uncertainty in the estimates and the sensitivity to monitoring
frequencies. ",

The analysis focuseS"" on measmes of abundaI:!.~-e or relative abnnnRnr.e. Monitoring
plans for the biological parameters list a wide range of indices (species richness,
diversity, length distnoutions, growth rates, etc.) that will be computed from the data
and are of interest from a management perspective. Because of the patchiness and
temporal variability of biological populations, measmements of abundance are likely to
be less precise than measurements of species composition or size distribution. Thus, if
the RSE criterion is met for abundance, it is likely that it will also be met for the other
indices. This is demo~ed below based upon 1999 macroinvertebrate and historical
fish data from Onondaga Lake.

.It will be feasible to evaluate precision and power for all relevant indices using data
from the first full year of AMP biomonitoring (2000). The full range of indices is
evaluated beloy,' for lake and tnoutary benthic maaoinvertebrates, which were sampled
in 1999.

Calibration

Introduction

Variance components for most parameters arc esti ffi-atM ftom literatm"e references
and/or historical data from Onondaga Lake. Variance components for macro-
invertebrates are estimated ftom 1999 AMP data. In other cases. there is no direct
basis for initial callbration and "reasonable assumptions" are made. These assumptions
Will be refined as AMP data become available in the future.

Generally, historical data provide esti~~tes of total year variance (V J, but do not allow
partitioning into the real (V y) and meas\B'ement error (E) components. These initial
values probably over-esh~te actual AMP values because (a) they are extrapolated
from other programs with various degrees of intensity and consistency; and (b)
historical data may not have been collected with the state-of-the-art methods that will be
used under the AMP.

Estimates of variance componmts derived ftom real data are themselVes highly
variable. For example, assume that total year-to-year variance for a given parameter is
estimated at VT - 0.04 (CVT = 0.2) based upon 5 years of monthly data. The go%
confidence interval for CVT would be 0.03 to 0.65 (Snedecor & Cochran, 1989). For
this reason, it may be unwise to make radical changes in the AMP design based upon
historical variance component estimates.
Muln..year data sets collected with a consistent protocol would be required to estimate
random year-to-year variance (Vy). Such data sets do not exist for the biological
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parameters considered in this report. Year-to-year CV's for water quality parameters
measured in the epilimnion at the Lake South station range from CVy = 0.06 to 0.3

(Walker, 1999). A range of 0.1 to 0.3 is assumed for biological parameters. This
assumption influences the power estimates (880, T80), but not the annual precisionestimates (RSE). '" .

Reolicate Variabilltv,vs. Abundance
"

Published relationships between replicate variance md abUlldmce for various biological
measurements (Table 2) provide one basis for cah'bration. In general, the relative
precision of-organism counts tend to improve as the total count increases; i.e., abtmdant
organisms can be counted more precisely than scarce ones (Green, 1979).
Relationships have bem published for macrophyte biomass (Downing & Anderson,
1985), electro-fishing (Miranda et al., 1996), fish larvae (C}'r et al., 1992), zooplankton
(Downing et aI., 1987), and stream benthic macroinvertebrates (Canton & Chadwick,
1988). The models predict replicate variance (81 as a fimction of abundance (X) and
other independent variables, (e.g., sampler area for macrophytes, nm duration for
electro fishing, and sample volume for fish larvae).

Table 3 shows replicate CY's ( = S / X) against abtmdanr.e for eacl1 model over the
ab1U1dance range represented in its cah"bration data set. CV's are highest for fish. The
estimated CV range for el~fi shing derived for Jargmlouth bass sampling in
Mississippi reservoirs (0.6 to 1.2) is similar to the reported CV range for yellow perch
and walleye sampling in New York lakes (0.64 - 0.93, Forney et al, 1994).

Historical Fish Data

Table 4 and Figure 3 descnoe typical year-to-year variability in fish (yellow perch &.
walleye) population measurements for New York lakes, as derived ftom the NYSDEC
Percid Sampling Man11al (Forney et al., 1994). Year-to-year CV's have b~ esti--.mated
from the means and ranges listed in the manual using method desCnoed by Snedocor &
Cochran (1989). The St1mmary includes measures of relative abl~~ce based upon
nets, electro-fishing, and angler catch rate. Variability appears to be similar for these
three measures. For yellow perch, the median year-to-year CV is 0.39 and 800/0 of the
values range from 0.18 to 0.88. For walleye, the median year-to-year CV is 0.47 and
80% of the values range ftom 0.18 to 1.80. Other historical fish data from Onondaga
Lake (Ringler et al., 1995; E.tJ1cr, 1995; Arrigo, 1998; Gandino, 1996; Tango, 1999) are
used to esn-!r1J-te spatial and temporal variance components, as indicated in footnotes to
the worksheets in Appendix A

The year-to-year CY's reflect the combined effects of1rue year-to-year variability,
seasonal variability (to the extent that lakes were not sampled precisely in the same
season of each year), niethod variability (to the extent that methods and/or sampling
designs were not consistent fi'Om year to year). It is likely that year-to-year CY's will be
lower for AMP data" given that it will be collected consistently from year to year using
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state-or-art procedures aDd with sampting intensity that meets or exceeds NYSDEC
guidance manuals.

Fish populations are generally characterized by species in terms of relative abundance
(catch F lmit effort), size distnoution, growth rates, stock density, etc. (Forney et a1,
1994; NYSDEC,1989). Because of high temporal and spatial variance (patchiness),
measmements of relative abundance (catch per unit effort) are generally more variable
than the other measmoeinentS of size and species composition (Forney et at, 1994).
Table 5 summarizes year-to-year variability in various fish population measmcments
from Onondaga Lake and other regiona1lakes. Median year-to-year CVs are 0.71 for
catch per unit effort, as compared with 0.13 for whole lake .fish nest count, 0.07 for
survival rate, 0.08 for growth rate (length at age), 0.09 for proportional stock density,
and 0.31 for relative stock density. Corresponding power estimates are shown in Figure
4.

Although the CV estimates cannot be applied directly to the AMP designs, the historical
data suggest that changes in relative abundance will be more difficult to detect than
changes in these other fish population parameters. This is important because the latter
may be more ~rtant as measures of ecosystem health. A consensus should be
reached on the most important indicator variables for measuring ecosystem health and
their relevant scales. This will provide a better basis for evaluating the adequacy of the
sampling program design.

Results for Abundance Measurements

Appendix A contains worksheets with assumptions and results for each of the following

biological measurements:

Phytoplankton.

Zooplankton.
. Macrophyte Biomass

Stream Macroinvertebrates.
Lake Littoral Macroinvertebrates.
Fish N em.
Littoral Larvae.
Pelagic Larvae.
Pelagic Gill Nets.

. Littoral Trap Nets

Juv~e Fish (Seines).
Adult Fish (Electrofishing).
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Each worksheet contains a summary of the AMP design, variance component estimates,
and evaluation criteria for each Spatial scale. Results are S1J111marized over all
parameters in Table 6. For comparison puxposes, Table 7 listS the same criteria for
water quality variables evaluated in Phase I (Walker, 1999). Results for displayed in
the following figures:

Figure 5
Figure 6
Figure 7
Figure 8
Figure 9

Precisioo of Yearly Means
IncreaseS DeteCtable with 80% Confidence
Trends Detectable with 80% Confidence
Sensitivity of Precision to Increases in Sampling Frequency
Sensitivity of Detectable Change to Increases in Sampling Frequency

Results in the above figures refer to the largest relevant spatial scale for each parameter
(station for 1ributaryand littoral macroinvertebrates, phytoplankton, & zooplankton and
lake for the remainLtlg parameters). Results for other scales are listed on the
worksheets in Appendix A. . Except were noted, the RSE values discussed below refeJ'
to 50th percentile estimates.

Median RSE estimates are summarized as follows:

26 - 30% Tnoutary MacroinvertebrateSy Zooplankton,
Chlo ll-a

31 - 35% P lankton, Fecal Coliforms Gill Nets

Confidence intervals (lOth to 90th percentiles) for the RSE estimates range from:t2 to
:1:12% (Figure 5). These intervals are wide, considering that one objective is to compare
the predicted values with the 20% criterion.

With the exception of gill nets, the RSE esti_1!l~tes are less than those derived and
deemed acceptable for chlorophyll-a and fecal coliforms under Phase 1. The 20%
criterion may be unrealistic for most of these abundance measurements, considering that
inherent variability and sampling difficulties for organisms in upper u-ophic levels are
probably greater, as compared with lower levels (especially in the case of fish
populations).

The overall range ofRSE values for Phase n biological variables is 6% (fish nests) to
33% (gill nets). Increases detectable with 80% confidence range from 41 to 97%.
Trends detectable with 80% confidence range from 5 to 13 % per year.
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Without gill nets, the RSE range is 6% to 23%. The gill net value is for estimating the
lake mean. This reflects tbatfact that only two sites (one in each basin) are ~led
under the monitoring plan. If the number of replicates were doubled (from 4 to 8), the
RSE would be 31%. If the number of sites were doubled (from 2 to 4), theRSE of the
lake mean would be 24%. This is within the range of the results for the other biological
variables. These resUlts indicate that doubling the number of sites would be appropriate,
if abllnn~l'.e measurements are important for gill nets.

As recommended by NYSDEC (Forney et aI., 1994), electTOfishing is the primary
method for sampling fish populations in the Lake. The primary function of the trap net
and gill surveys is to determine whether electrofishing is captlIring a representative
sample of the :fish community (Ecologic, 1999). The relatively high RSE values for
trap nets, gill nets, and seines (juveniles) may be of little significance, especially if other
indices (stock density, growth rate, etc.) are more important than abundance to measure
the health of fish populations. As demonstrated above (Table 5, Figure 4), precision is
likely to be much higher for these other indices.

Results for-Macroinvertebrate Indices

This section evaluates the AMP design for lake & tn'butary macroinvertebrates using
data collected under the AMP in 1999. The evaluation is based upon indices and
smnmary statistics provided by Ecologic. Results for lake littoral samples are listed in
Table 8. Results for tributary samples are listed in Table 9 (Multi-Plate samples) and
Table 10 (Kick Samples). The tables list the mean, relative standard error, and CV
among replicates for each site. Corresponding power estimates for each program are
summArized in Table 11.

For the tnoutary data, RSE values are computed directly from the CY's among
replicates and the number of replicates at each site. The lake samPHng design is more
complex (2 transects, 3 depths per transect, 6 replicates). A total of 6 locations are
sampled at each site. RSE values are computed from the CV's across locations md the
number of locations. This accounts for rmdom spatial (transect or deJ'th) effects that
may be present at a given site.

Figure 11 plots relative standard errors for each sampling program. and index. RSE
values are consistently below 20%, except for total abundance based upon U'l"butary
multi-plate samples (RSE = 0.28). RSE values for diversity and richness indices are
consistently lower than RSE values for abundaIice or density. The importance of total
abundance relative to..the other indices would detem1ine whether an increase in the
number of replicates is appropriate.

Aside ftom detecting trends, detecting spatial variations is another objective of the
program. These include upstream/downstream variations in each tnoutary and regional
variations in the lake. Spatial variations in the indices (means :f: 1 standard ezror) are
plotted in Figure 12 (lake) and Figure 13 (tnoutary multiplate). For the abundance and
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density measures, standard moTS are positively correlated with the site mean values.
This iridicates that a log transformation would be appropriate for statistical analyses.
While interpretation of the index values and spatialpattems is beyond the scope oftbis
report, significant differences across sites are indicated for each index {confumed by
analysis of variance). Upstream/downstream trends in some of the 'tn"butaIy indices
(abundance, EPT richness, HilsenboffBiotic index) are evident. The sampling design
appears adequate to resolve spatial variations.

Conclusions

In the absence of inherent year-to-year variatiqns, a program designed with the
AMP precision cri~on (RSE <= 20%), would be expected to detect step
increases >=50% or linear u-euds >=7% per year with 80% confidence. With an
RSE of 300/0, corresponding values would be 75% and 100/0 per year,
respectively. These represent optimistic estimates of power, since random year-
to-year variations would be expected in all biological populations. The
magnitude of such vari~ons is unlmown for all of the biological measurements.

2. Median precision estimates for water. quality and bioabundance measurements
conducted under the AMP are summarized in the following RSE (relative
standard errors of annual means) categories:

3. Among the Phase n biological variables,'the AMP precision criterion (RSE <
20%) is met for fish nests, macrophytes, littoral macroinvertebrates, and adult
fish.

4. Confidence intervals (10th to 90th percentiles) for the RSE estimates range from
:!:2 to :f:12%. These intervals are wide, considering that one objective is to
compare the predicted values with the 200/0 criterion. The wide intervals reflect
uncert$ty in the variance component estimates. Re-calibration of the models
to actual AMP data would in1prove the estimates and provide a better basis for
refining the sampling plans.

The overall range ofRSE values is 6% to 33%. Increases detectable with 800/0
confidence range from 41 to 97%. Trends detectable with 80% confidence

5.
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range from 5 to 13 % per year. The power estimates assume that that ~-ndom.
year-to-year variability in each p~ation is characterized by CV = 10 to 30%,
as esri-.mated for chlorophyll-a under Phase I.

With the exception of gill nets, the RSE estimates are less than those derived
and deemed acceptable for chlorophyll-a and fecal coliforms under Phase I. The
200/0 criterion may be unrealistic for some of the bioabUIldmce measurements,
considering that,inherent variability and sampling difficulties for organisms in
upper trophic levels are probably greater, as compared with lower levels
(especially in the case of fish populations).

6.

Without gill nets, the RSE range is 6% to 32%. Doubling the number of gill net
sites (from 2 to 4) would reduce the RSEvalue from 33% to 24%. This is
~tbiri the range of values for the other biological variables. This mon~cation
is recommended if relative abundance measurements are important for gill nets.

7.

8. Historical data on fish populations in Onondaga Lake indicate that
measurements of abundance (catch per unit effort) generally have lower
precision than other :fish population indices (growth rates, size distn"butions,
stock density, etc.). It is likely that the RSE's for these other indices will be
below 200/0. This aspect can be evaluated based upon future AMP data.

Based upon the 1999 AMP data, the sampling program design for lake and
tributary benthic invertebrates is adequate to resolve spatial variations and
provide a level of precision that that achieves the AMP objective (RSE < 200/0),
except for abundance measurements using tributary multi-plate samplers (RSE=
29%). The]ater within the range of that achieved for the other biological
parameters. Qualitative indices generally have better precision than ab'lmdance
measUrements.

9.

10. Although this evaluation focuses on precision, the accuracy of the measurements
is important for comparing results with independent standards or criteria.
Consistent sampling procedures and analytical methods should be maintained
over the duration of the A:rvIP to ensure that any apparent trends in the data
reflect actual changes in the biological populations, as opposed to changes in
procedures or methods.

11. To provide a better basis for evaluating the adequacy of sampling plan, it is
recommended that a consensus be reached on the following aspects:

Specification of the important spatial scale for each parameter (i.e.,
station, lake region, or lake-~de mean)

a.

b. Ranking of the various indices for each parameter with respect to overall
significance in' tracking the population, ,especially the relative important
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of abundance measurements vs. other indices ( diversity, growth rate,
species richness, etc.)

c. Specification of a meaningful scale for each biological measurement and
(e.g., classification system)

d. Increases or changes that would be considered significmt from a
manag~ent perspective, including any InlInerical criteria or target
values that would reflect management objectives.

12. It is recoImnended that precision be re-evaluated using the first year of AMP
data for each parameter before making additional changes to the sampling plan.
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Table 2

Published Relati.onships Between Replicate Variance & Abundance

s=
x=
cv=

Standard Deviation among replicates
Abundance Measure
CV among replicates = S I X

EQuation DescriDtion

1 Downing & Anderson. 1985 Macrophyte Biomass Density
logS2 = 0.759+ 1.567IogX-0.157 log A
A = Sampler Area (cm1 100 to 10000
X = DensIty ( g/m1 0.0001 to 1,000,000

2 Miranda et ai, 1996 Largemouth bass in Mississippi Res. {Electrofished}
log S2 = 0.375.0.401 D + 1.55 log X
D = Duration of Sample (hours) .08 to 1
X = Catch per hour. 16 to 98

3 Cyr et al., 1992 Larval Fish + Young-or-Year
log S2 = 0.19 + 1.74 Jog (X)
X = Organism Count = V C 1 to 10,000
V = Sample Volume 3to 10,000 m3
C = Organism Conc (no./m~

4 Downing et al., 1987 Zooplankton
g2 = 0.296 X 1.849

X = Organism Count (#/Uter) .10" to 103

5 Canton & Chadwick, 1988 Stream Benthic Macroinvertebrates
Data from 16 River Systems

Regression of Data Tabulated in Article:
log 52 = -0.746 + 1.91/og (X)
X = Count Per Sam ole 17 to 1891



Table 3

Replicate CV's vs. Abundance

Str&am BenthosZooDlanktcnElectmMhlid Bass
D = 15m1n

catch/hr
l

Fish Larvae
Va 300 m3

#/m3

~

Maaoohvtes
A = 2500cm2

g/m2
1

Variable

Count
.§.

#/Liter
.4.

Metric
Equation

Abundance
1
2
3
5
7
10
20
30
50
70
100
200
300
500
700
1000

0.54
0.52
0.50
0.48
0.47
0.46
0.43
0.42
0.40
0.39
0.38
0.36
0.35
0.34
0.33
0.32

0.59
0.54
0.51
0.48
0.46
0.44
0.40
0.38
0.36
0.34
0.33
0.30

1.30
1.12
1.02
0.92
0.B5
0.79
0.68
0.62
0.56
0.52
0.48
0.41
0.38
0.34
0.31
0.29

0.38
0.37
0.36
0.38
0.35
0.34
0.33
0.33
0.32
0.32
0.31

1.21
1.04.
0.95
0.64
0.78
0.72
0.62

1.4

1.2

II)

.!
m

.2

"Q.
QI

~

CI
C
0

E
<

>
u

--- Macrophytes
-.- Zooplankton- Electrofished Bass

-*:- Stream Benthos
-+- Fish Larvae

1.0

0.8

0.6

0.4

0.2

0.0

100 100010
Abundance



Table 4

Year-to-YearVariability in Fish Populations of New York Lakes
Forney et al (1994), Percid Sampling Manual, Tables 11-2,11-3,111-4

Yellow Perch->
.M.!!!!M.i!! ~ ~

Walleye->
~~M.!!! M.!!~~~ ~

Standard Nets (Number)
4 Canadarago
5 Canadarago
2 Chautauqa
2 Chau1auqu8
3 Whitney Point

0.02
5.59
5.32
3.10
0.77

1.90
0.43
0.68
0.47
0.17

0.43
0.27
0.15
0.92
0.79

0.01
13.00
7.80
6.60
4.40

0.00
8.00
4.80
4.80
3.70

0.04
21.00
10.80
8.30
5.00

15.0
55.0
1.1
7.4
1.7

46.0
102.0

1.3
24.0
6.8

73-76
83-93
78-80
89-91
78-91

NonStandard Nets (Number)
12 Oneida 58-59
10 Oneida 70-79
10 Oneida 80-89
4 Oneida 90-93

14.20
8.60

12.60
5.00

2.27
2.18
2.50
1.07

024
o.~
0.31
029

32.0
31.0
47.0
17.0

0.25
0.24
0.44
0.24

9.30
5.10
8.00
3.70

6.80
1.90
4.90
2.80

24.5
22.7
25.4
14.1

12.0
14.0
13.0
1Q.O

287.0
266.0
199.0

0.69
0.34-
0.14

161.0
200.0
184.0

60.0
107.0
169.0

8.30
0.00

24.60
2.30

43.50
3.00

28.7f}
6.30

15.14
2.66
3.63
2.36

0.78
1.77
0.14-
0.66

19.40
1.50

26.65
3.6025.0

79.2
9.3
9.0

21.0
0.0

0.30
0.61
1.08
0.57
0.48
1.10

~7.0
120.9
41.0
40.0
92.0
4.3

0.10 0.04 1.960.02 0.00

Electrofishing (number/hour)
4 Canadarago SlO 73-6
5 Canadarago May 81--85
2 Canadarago Oct 81-82
2 Canadarago Oct 84-85
3 Eaton Brook Res. Oct 91-93
2 FU'ldiey
6 Friends May 85-90
12 Ronkonkoma May 79-90
6 Loon Lake May 85-90
5 Port Bay, Lake Ont Oct 89-93

0.20
25.00

0.08
4.30

0.98
'0.18

0.08
23.80

0.00
15.00

Angler Catch Rates (Creel Surveys) (number/hour)
3 Oneida 57-59 0.20 0.13
3 Oneida (Ice) 57-59 0.30' 0.25
3 Erie 88-90 1.48 0.49
4 Canadarago 73-76 0.35 0.24
3 Dryden 65-67 0.19 0.18
~ Dryden (Ice) 65-68 1.72 1.20

0.34
0.53
0.24

0.18
0.25
0.05

1.18
0..64
0.27

0.31
0.38
2.24
0.48
0.22
2.30

0.53
0.26
0.70
0.33
0.12
0.31

0.15
0.39
0.20

0.04
0.11
0.15

Percentiles
10%
25%
50%
75%
90%

0.05
0.21
2.27
3.37
5.37

0.18
0.28
0.47
0.88
1.80

0.18
0.25
0.39
0.63
0.88

0
0
4-
8

20

o.
1.

23.
49.

148.

35.0
75.0

1.2
16.0
3.8

44.0
162.5
121.0
83.0

132.0
11.0

.07

.30

.40

.65

.28

32
66
60
50
96



Table S

~
1m.

13
1'~
1'~
1~
16~
11~
~
~

~
28~
18~
12~
17~
25~
13~
49~
1e~
38~
~~
23~
~
~
23~
28~
1.~
11~
23~

..
~
2'
3~
~
,~
3~
3.
,.
a
s.

~

3~
~~
~
3~
3~

7~
7~

20~
'8~
-

,~
'8~
,~

Typical Year-to-Year CV's in Fish Population Measurements

No. of V..,-tD-VHrCV 3-v..r Step
~ncaN.rI.b18 I8I ZD ~ ~ .. ..
~8t~M~l_~---rl-"'~~
Y"'P8IaI-Al~ 2-12 0.25 ~ 083 0.22 ~
V"'~.I.-. 2.10 0.27 04 0.78 Q..25 1~~
v~PWctI-el8Cl~ 2.12 0.3. ~m 0.88 0.33 1~
v~~.ArgeI"~ ,.. 0.27 0.32 0" a18 81~
~.AI~" 2.12 0.28 047 0-88 0.21 118~
~. NG 2-10 O.G 0.41 088 Q.27 1'8~
w-..I~~.1g 2.12 O.G 0.71 1 38 a~ 1~~
~ - .,.. ~ ~ 0.. OM 0.81 0-31 1m..

T~1;gg1 T 3~c:8tMIP8'UM~-- T"""'~ 1ag.1884
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Table 6

Summary of Results for Phase II Biological Parameters

AMP

~

AMP

~
AMP 2X Reps 2X SltesC 2X Years
~ ~ Z gVariable Scalela)

Relative Standard Error of Yearly Mean

Trib Macroinv
Ut Macroinv
Maaophytes
Phytoplankton
ZOOplankton
Fish N.ts
Ut Larvae
Pel Larvae
JuvenlJes
Trap Nets
Gill Nets
Adult FISh

.S

S
L
S
S
L;
L
L
L
L
L
L

17%
13%
8%

27%
21%
4%

18%
18%
'6%
19%
29%
17%

29%
19%
9%

32%
27%
6%

21%
24%
22%
22%
33%
19%

42%
28%
11%
37%
33%
9%

24%
31%
29%
25%
39%
22%

21%
18%
7%

32%
25%

29%
19%
9%

14%
7%

6%
21%
24%
22%
22%
33%
19%

20%
24%
22%
20%
31%
18%

15%
22%
22%
16%
24%
14%

Increase Detedable with SOD" Confidence ( % )

Trib Mecroinv
Ut Macroinv

Maacphytes
Phybp/snkton
Zooplankton
FISh N_ts
Ut Larvae
Pel Larvae
~
Trap Nets
Gill Nets
Ad uIt FIsh

s
S
L
~
S
L
L
L
L
L
L
L

63%
55%
39%
56%
49%
32%
58%
62%
58%
61%
84%
58%

88%
70%
55%
66%
58%
41%
75'1.
78%
75%
75%
97%
70'10

118%
91%
73%
77%
71%
SO%
93%
96%
92%
90%

113%
85%

72%
68%
53%
6e%
56%

61%
48%
39%

61%
53%

28%
52%
54%
52%
52%
67%
48%

15%
18%
15%
71 %
92%
67%

74%
75%
74%
64%
77%
61%

UnearTrend Detectable with 80Y. Confidence { % I yr

Trfb Macroinv
LIt Macranv
Maaophytes (b)
Phyto~.nkm
Zooplankton
FISh N_ts
Lit Larv..
Pel Larvae
Juve~1es
Trap Nets
GOI Nell
Ad ult Ash

s
S
L
S
S
L
L
L
L
L
L
L

8.1%
7.0%

11.4%
9.0%

15.1%
11.6%

9.2%
8.7%

10.1%
8.0%7.8%

9.1%
8.0%
4.1%
7.4%
8.0%
7.5%
7.9%

10.8%
7.4%

10.8%
9.6%
5.2%
9.6%

10.0%
9.6"-
9.6%

12.5%
8.9%

12.7%
11.6%
6.4%

11.9%
12.3%
11.9%
11.6%
14.5%
10.9%

10.8%
9.2%

8.7%
7.9%

4.7%
8.6%
8.9%
4.3%
8.5%

11.1%
7.9%

9.6%
10.0%
9.6%
9.1%

11.8%
8.6%

9.5%
9.1%
9.4%
8.1%
9.9%
7.8%

a
b
c

Spatial Scales, S = Site, Stratum, or Region. L = Lake
Unear trend not measur&able for maaophyt&S (total of 2 sampling years)
2X Transeds for Littoral Macrolnvertebrates



Table 7

Summary of Results for Phase Water Quality Parameters
Lake South Epilimnion. May-September Averages

If.m~ ~CHL-A F-COLI SECCHIVariable

Weekly Weekly Weekly Biweekly Biweekly Biweekly Biweekly
18 18 18 11 11 11 11
1 1 1 3 3 1 3
1 1 1 1 1 1 1
5 5 5 5 5 5 5

Frequency (8)
Samples/Year
Sampled Depths
Replicates
Years in BaseHne

Original Variance Component Estimates (b)
Year 0.19
Date 1.23

Depth
Replicate 0.00

0.12
0.12

0.06
0.27
0.22
0.15

0.15
0.17
0.07
0.08

0.18
0.47

0.21
0.28
0.19
0.10

0.30
1.34

0.090.000.00

Considering Replicate CVs Derived from 1999 Data (c)
Year 0.19 0.30
Date 1.23 1.32

Depth
Re~icate 0.10 0.20

0.12
0.12
0.00
0.08

0.06
0.27
0.22
0.15

0.21
0.28
0.19
0.10

0.15
0.17
0.07
0.08

0~18
0.48

0.05

0.15
O.~
0.11
O.OS

0.08
0.05
0.13
O.De

0.05
0.11
0.18
0.08

0.12
0.09
0.23
0.10

0.08
0.05
0.1e
0.07

0.20
0.32
0.44
0.20

0.10
0.2i
0.3!
0.18

RSE of Date Mean
RSE of Yearly Mean
CV of Yeany Mean
RSE of Baseline Mean

0.87
1.00
1.00
0.22

0.94
1.00
1.00
0.19

0.73
0.99
1.00
0.27

0.58
0.97
1.00
0.34

0.45
0.92
1.00
0.40

0.25
o.ee
0.99
0.60

0.18
0.48
0.94
0.76

Power for Det. 25111 Inaease
Power for Det. 50111 1 ncrease
Power for Del 100% Increase
lna. Deted.. with 80% Conf.

0.77
0.99
1.00
0.03

0.85
O.~
1.00
0.04

0.38
0.73
1.00
0.05

0.29
0.59
0.98
0.07

0.49
0.86
1.00
0.05

0.18
0.34
0.81
~.10

0.14
0.25
0.63
0.12

Power tor Det. 3%/Yr Trend
Power for Det. 5%/Yr Trend
Power for Det. 1 O%Nr Trend
Trend Deted. ~ 80% Cont.

Notes:
a CHL.A, F.cOU. SeCCHI sampled weekly June-Aug, biweekly May & Sept

Variance Components from Phase I Report, 1993-1997 Data, (Walker, 1999)b

Replicate CVsc
Assumed

0.10
, 0.05

0.20

CHL-A
SECCHI
F-COLI

CalaJlated From 1999 Lake Data. South Station
0.10 6 samples
0.00 4 dates

not calculated: most replicates < detedion
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Figure 1

Power for Detecting Step Changes
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Figute 3

Year-to-Year CV's of Fish Abundance Measurements in New York Lakes
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Fi~4

Power of Historical Monitoring Programs for Detecting Changes in Fish Populations
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Figure 5

Precision of Yearly Means
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Figure 6

I ncreases Detectable with 80% Confidence
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Figure 7

'irends Detectable with 80% Confidence
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Figure 8

Sensitivity of Precision to Increases in Sampling Frequency
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Figure 9

Sensitivity of Detectable Change to Increases in Sampling Frequency
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Figure 10

~

,
RSE Values for Macroinvertebrate Indices
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A-2Worksheet for Phytoplankton

Ty;on Tube
~kIy

10 May-Sept
Lake South, Quarteny at North

- - ..

".

Method
Frequency
Dates Peryear
Sites
Depths
Replicates
Samping Interval
Baseline Years
Metric
Methodology

1 Epllmnetlc compoSIte
1
1 Years
5

Organism Counts, Biomass, May-Sept, Lake Solrth
OCDSS J Dr. Ed Mills

~ 2X Reos 2X Dates ~
1 2 1

10 10 20
1 1. 1
5 5 5

~
1

10

M.!!!1
1

10
1
55

Q.!!!gn
Replicates
Dates
I ntervel
Years in Baseline

Variance ComDonents
V.arty
Dates
Replicates

0.208
1.00 b
0.20 c

0.30
1.20
0.30

0.20
1.00
0.20

0.10
0.80
0.10

0.20
1.00
0.20

'.
Predicted PercentBes m m~ m~

Site Mean
RSE of Dally Mean
RSE otYeariy Mean
Year-to-Yeer CV
RSE of Baseline Mean

0.20
0.23
0.30
0.14

0.28
0.37
0.44
0.20

0.14
0.32
0.38
0.17

0.12
0.27
0.33
0.15

0.20
0.32
0.38.
0.17

0.30
0.76
0.99
0.53

0.22
0.59
0.98
0.66

0.27
0.71
0.99
0.76

0.22
0.59
0.98
0.66

0.18
0..8
0.94
0.57

Power for Det. 25% Increase
Power for Del 50% Increase
Power for Det 100% Increase
Incr. Detect ~ 8D% Canf.

0.19
0.37
0.85
0.12

O. 1e
0.30
0.75
0.11

0.21
0.41
0.89
0.09

0.14
0.25
0.63

O.OQ

0.18
0.30
0.74
0.11

Power for Del 3%/Yr Trend
Power for Det. 5%/Yr Trend
Power for Det,10%NrTrend
Trend Detect. with 80% Com.

References:

assumed for aD bio variables

1998 lake Data, May-Sept, lake South Epifimnetic Composites
CVacross Dates (reftecs replicate + temporal variance):

Counts Biovolume
Bluegreens 1.34 0.94
Diatoms 1.44 1.06
Total 0.S5 1.18
Nominal Range 0.80 to 1.30
Temporal Variance Only
Adjusted
Assumed

b

1.2e
1.2

0.79
0.8

to
to

0.3Assumed Range 0.1 toc



A-3Worksheet for Zooplankton

TY90n Tube
Biweekly

10 For May-Sept; 8i8o.-npl8d in oIh8' ~
1 La1<. South, Quarter1y. Lake North
1 Epiimn8ic Compolit8

"'

1 Years
5

Organism ~. May-Sept, T~ ~. L8k8 South
'OCDSS./ Dr. Ed Milia

Method
Frequency
c.tes per Y.,.
Sit8~.
R~.
SampingInt8rv81
B8I8iIne Ye.ra
Metric
MethoQ:JIogy

Mg 2X ReDS 2X Dales ~
1 2 1

10 10. 20
1 1 1
5 5 S

M8J
1

10
1
5

Min
1

10
1
5

.c.ign
Replicates
CSes
Int8tV8I
Years in B88e1ine

V.-i8n~Co~
Yearly
D8I8S
Reprm.

0.30
1.00
0.50

0;2()
0.75
0.40

020 .
0.75 b
0.40 c

0.10
0.50
0.30

0.20
0.75
o.~

~ m mm .mPredicted Percentiles

Site Mean
RSE of Dally M8n
RSE ofVeariy M8n
Vear-to-V..rCV
RSE of BMelIne ~

0.40
0.19
0.28
0.12

0.40
0.21
0.34
0.15

0.48
0.30
0.39
0.17

0.:28
0.25
0.32
0.14

0.32
0.21
0.27
0.12

0.27
0.71
0.99
0.56

0.34
0.83
1.00
0.48

0.35
0.84
1.00
0.67

0.21
0.57
0.87
0.47

0.26
0.68
0.99
0.58

p~ fa Del 25% ~ncreaae
Po.-' for Del 50% II'a88Se
PaNerfor Del 100% IncreaM
Incr. D8t8Ct ., 80% Conf.

0.19
0.37
0.85
O.cS

0.23
0.47
0.93
O.CE

0.16
0.29
0.72
o.~

0.18
0.35
0.83
0.10

0.24
0.48
0.94
0.11

~ fa o.t. 3%ffr Tr8nd
P~r for Del 5%ffr Trn
P~for Del1OY8Nr Tr8I1d
Trend Detect.,.;e, 80% C«t.

References:

assumed for al bio variables.
b 1998 Lake Data. AprU-Juiy. Lak8 SOIAh Epinmnetic ComposItes

Intwquartile Ranges of CV's AcrO8I D.-a . Zccpj8nkton Species

Repii:ate + Temporal Variara
Bi0m888 0.60 to 0.98
COJnt8 0.63 to . 1.18
Nomi'I8J Range 0.60 to 1.20
Tempor8 Variance O~y
~ 0.52 to 1.09 replicate vari8n~ ~
AsSI.InId Range 0.50 to 1.00

~ et al. 1987 Regression of Repbte Variance 8gM1C ~ ~
1,1 S9 MIs of ,.picate 8aI11P'- ccmpled from II8~r

COIrt (tII.) CV
Count 1 10 100 1000
CV 0.54 0.46 0.38 0.32
AMum8d range: 0.3 to o.e



Worksheet for Macrophyte Biomass A-4

M8I1ad
SeMO1a
Snt8
Tra'188d8
~~
Jn8rY8
BaI8Ik1eY..,.
Mebic
~

~
Summer

5
4
3
5
1

~

d8'1edb888dupon~
at ramom wlu,1n eadl lite
randcmly Mleded wItIln 1 0 meter zon..
~ In two ye8rI

ghn2
Ecologic. Inc.

t8. 2X A.-
5 5
3 8
4 4
5 5
1 1

~ ~
5
3
.
3
2

~
5
3
4
5
1

~
5
3
4
5
1

QIImn
Bnta
Subplots

TI8nIects
InI8fY8I

Y"'in~

v~ Cc...oiXR-_-~
Yearly
T ranaectl
snta
Su~

0.10
0.00
0.00
0.80

0.20
0.00
0.00
1.06

0.30
0.00
0.00
1.30

0.20
0.00
0.00
1.05

0.20
0.00
0.00
1.05

0.20 .
0.00 b
0.00 c
1.05 d

P;-~ P.-~~ Ja ~ ~ ~ ~ m
SIr8bJm Mean
RSE of Subplot Mean
RSE of Sntun Mean
Ye.--to-Year CV
RSE of ~ M88n

0.72
0.1e
0.43
0.43

0.48
0.24
0.30
0.30

0.81
0.30
0.38
0.38

0.43
0.21
0.28
0.28

0.81
0.21
0.28
0.28

0.81
0.30
0.3e
0.26

Power far Del 2S% Inauee
P~ far Del 50% Inaaae
Power for Del 1 00% tnauee
tna'. Det8d. wIU180% Conf.

0.12
0.27
0.88
0.82

0.14
0.34
0.82
0.;&

0.17
0.43
0.81
1.15

0.20
0.50
0.85
0.75

0.20
o.so
0.85
0.75

0.23
0.58
0.88
0.88

L.-.~
RSE d' l8k8 Mean
Ye8I'otD- Year CV

RSE of B8I8IN Mein

0.11
0.18
0.18

0.14
0.24
0.24

0.18
0.31
0.31

0.10
0.22
0.22

0.10
0.22
0.22

0.14
0.24
0.17

Power far 25% Incr88se
POW8r ftI" 50% incnas.
Power far 100% In=ea..
tna-. Detect. wIU18O% Cont.

0.18
0.47
0.84
0.48

0.28
0.85
0.88
0.81

0.38
0.88
1.00
0.78

0.30
0.72
1.00
0.55

0.3>
0.72
1.00
O.S!

0.42
0.80
1.00
0.43

Ref8r8n<8:
88IUmed for ... bk) V8ri-.a

b T~ & IUbpkXI ~.. ~
~ IP8ti8I v.-a f8cD8d cxa by ItI'8IIa8d ~ piMc

d ~ & AnderIan (1985)~. r-.&Ig ~ v8r8nC8 m densIy . I8nPIe .,..

2500 cm2
1 3

1.30 1.02
0.8 to

10
0.78
1.3

~Siz8
c...Ity (g/m2)
CV
Al8umedRange

~

~ ~ 81aIy8iI i. not ~~I will ~ d' 2 ~ ~

.a&m,
5
3
8
5
1

118



A-5Worksheet for Stream Macroinvertebrates

Method
Seasons
Sltea '.

Re~cates
Interval
Baseline Y88IS
Metric
Methodology

Multipiate Samplel$
FaD

14 e Onondaga, 4 Harbor, 4 Ley
5
2 years
3

Counts
Ecologic I NYSDEC Protocol

M.@ 2X ReDS

5 10
2 2
3 3

~
5
1
5

.Min
5
2
3

M!!!l
5
2
3

Q.ajgJ1
Replicates
Interval
Years in Baseline

Variance Comoonents
Yearly
Replicates

0.20 a
0.65 b

0.30
1.00

0.20
0.8S

0.10
0.30

020
0.65

~ ~~ ~ ~Predicted Percentiles

Site Mean
RSE of site. Mean
Year-to-Yar CV
RSE of Baseline Mean

0.29
0.35
0.16

0.17
025
0.15

0.29
0.35
0.20

0.41
0.46
0.27

0.21
0.29

0.11

0.14
0.38
0.87
0.88

0.20
0.60
0.97
1.18

0.17
0.50
0.95
0.72

0.24
0.64
0.98
0.61

Power for Det 25% Increase
PONer for Det 50% Inc:rease
P~r for De!. 100% Increase
Incr. Detect. with 80% Conf.

0.11
0.23
0.68
0.84

0.19
0.37
0.85
0.09

0.17
0.33
0.78
0.10

0.12
0.19
0.50
0.08

0.15
0.27
0.71
0.11

0.21
0.~3
0.91
0.15

Power for Det 3%/VrTrend
Power for Det. 5%/Yr Trend
Power for Dei 1 O%/Yr Trend
Trend Detect. with 80% Conf.

0.24
0.10
0.17
0.44
o.~

0.~1
0.12
0.27
0.71
1.13

0.58
0.22
0.58
0.97
1.80

0.29
0.20
0.49
0.95
0.75

0.41
0.12
027
0.71
1.13

Ucstream J Downstream Contrasts - Veartv

RSEofYearly Site DIfference
Power for 25% Difference
Power for 50% Difference
Power for 100% Difference
Dmerence Detect. with 80% Conf.

0.28
0.21
0.51
0.98
0.74

0.38
0.31
0.75
1.00
0.ge

0.23
0.27
0.68
0.99
0.59

0.22
0.29
0.71
1.00
0.58

Ucstream I Downstream Contrasts - Beseline
RSE of Baseline Dmerence 0.21
Power for 25% Difference 0.15
Power for 50% Difference 0..35
Power for 100% Difference 0.82
Difference Detect.. with 80% Com. 0.53

References:

essumed for aU ~o variables8

Re~e.CV's Total Abundance - Trib Multiplate Samplers - '999

10%-90% Range 033 to 0.97
b

~



Worksheet for Littoral Macroinvertebrates A-6

Dredge
Fal

5
2 .

3
'" 8
, 2

3

Countim2

Eco~

"""

MeUtod
Seasonl
SItes
Tran..c1S
Depths
R.pilcates
Interval
Baseln. Yea,.
Metric

Methodology

Uttar.
It random wiU\in e.ch site (It'atum)
0.5,1.0,1.5 meters

Tracked Separately at Each Ste

MiD
e
2
3
1
2
3

.MuD
6
2
3
1
2
3

ME 2X RetS 2X Tran8.
6 12 e
2 2 4
3 3 3
1 1 1
2 2 2
3 3 3

~
e
2
3

1
5

Qan
Repjicat..
T r3r1Sects

Depth$
Datn
Interval
YearsinBasSine

Variance ComDOnen1s
Vearty
Transects
Depths
Replicates

0.10
0.00
0.08
0.38

0.20
0.17
0.30
0.57

0.30
0.33
0.52
O.7e

0.20
0.17
0.30
0.57

0.20
0.17
0.30
0.57

0.20 .
0.17 b
0.30 b
0.57 b

~Predicted Percenti18 B m m ~ ~
Site Mean
RSE of Depth Mean
RSE of Tran~ Mean
RSe of Sa Mean
Vear-to-Yar CV
RSE of B~ne Mean

0.17
0.15
0.14
0.22
0.13

0.23
0.22
0.1;
0.28
0.18

0.30
0.31
0.27
0.38
0.21

0.18

0.20
0.1&
0.27
0.18

0.23
0.22
0.14
0.24
0.14

0.23
0.22
0.,;
0.28
0.'2

Power for Del 25% Incr888
Power for Det. 50% Increase
Power for Det 100% Increase
Incr. Det8d.. witt 80% Conf.

0.13
0.34
0.88
0.58

0.18
0.52
0.98
0.70

0.24
0.71
o.;g
0.80

0.19
0.55
0.;8
0.88

0.22
0.64
0.;8
0.51

0.34
0.82
1.00
0.48

0.15
0.2e
0.89
0.01

0.1;
0.38
0.87
0.09

0.25
0.52
0.98
0.12

Power for Del 3%IVr Trend
Power for Del 5%N'r Trend
Power for D8t. 1O%/Vr T,.,d
Trend Detect ~ eo~ Conf.

0.20
0.40
0.89
0.09

0.23
0.47

O.ia

0.08

0.23
0.48
0.93
0.08

R 8f8ren C8:

. ~med for d tic v.ria~..

b Variance Components d 1999 like Data
For T0t8 Counts by Famay & 5 Dominant Species It Each SIte
Percentie . 10% 80%
TranIed; 0.00 0.33
Depth 0.08 0.52
R8plicate 0.38 0.78

~



A-7Worksheet for Fish Nests

VISu8I CCM;II"iS
.kJne

50 eegnents of eqI.I8ilhcnlne length
88MJmed Iggr.gaed lItO 1 0 regklns

~
Season
Sles

RIJIIic8te8
Sampling ri1t!fvaI
Ba88lne yeats
MeVtc "-
Methodology ,

1 per site
2 Ynrs
3

COUIv. .
Ringler. ai, 1~ ~ U88d In 1S83..1~)

YIIzx.YD~
10 10
1 1
2 1
3 5

.'0123
MIlD

10
1
2
3

LJI8gn
R~on.
R~
IrnwvaI
Yeera in BeHIkw

Variance ComDOnerD

Vearty
Regions
Regional Sid Error

o~
0.00
0.30

0.15.
0.00 b
0.20 c

0.10
0.00
0.10

0.15
0.00
0.20

m m.~ mPredkted Percerdle&

R8CionTcxaJ
RSE d Reg'm TDt8J
Year.tOoYearCV
RSE Of Baseline M.n

0.28
0.32
0.18

~
~
0.11

0.12
0.18
0.11

0.20
0..25
0.1.

0.5
0.89
1.00
O.~

0.21
0.82
0.87
o.a

0.32

OoM

O.~

0.81

0.15
0.41
0.81
0.47

pgN« far Del ~IM. Ir-=r88I
PQW« far Del SOCMIII'a""
Power far Del 1 00-. 1na'8...
I~. Detect. 'ttti\ 801M. C«1f.

0.08
0.85
0.i8
0.10

o.~
0.53
0.-
0.07

0.07
0.30
0.77
o.~

0.07
0.45
o.~
0.08

Power rc.- Del 34M1N1 T~
P~rc.- Del ~r T~
p~ rc.- DIl1 o-.IYr T~
Trend Det8ct. ., ~ Conf.

0.08
0.18
0.07

~
0.'1
o.~

O.C»
0.2>
0.12

0.04
0.13
0.07

I,lkaTot8I
RSE ofYeerty T~
Ylar-to-Vnr CV
RSE of B8Hline Meen

0.41
0.91
1.00
0.41

0.81
0.87
1.00
0.51

0.71
0.88
1.00
0.28

0.29
0.79
o.w
0.32

Power fa' 25'Vo 1ncx'88e
P~r fa' 5Ocv. 1ncr8S8
Power fa' 1 OO'Vo I~
M. Detect. 'Nth eo.. Coof.

0.48
0.85
1.00
0.05

0.29
o.~
0.88
0.04

0.-40
0.77
1.00
0.05

0,57
0.82
1°,00
0.08

PowertOr' Del 3'JIffr T,.nd
POI#8' fa- Det. S-.Nr Trend
POW8' fa- Del 10'*"'(r Trend
Trvnd DetG. Yt4ttI ~ Cont.

0.2

References:
I RIrVer 811. (1~, Nest Counts. 3 y..,.

Mean 1506
CV 0.13
Assumed Range 0.1 to

T~ ".. ~ ~ be independent of IP8I8I V8ri8t1cw18, lince rife IKIa'8I =ne 188U~b

Std Etrar In Reg"'" Count ~ed from Po88On ~icn
Mill Max

Counts I RegI~ 10 300 Ringler et II (1996)
Poisson CV 0.32 0.08
Assumed R"Ae 0.1 to 0.3



A-8Worksheet for Littoral Larvae

regions

Larval F"1Sh Seine
Bt.aIeeI<Iy, Apri-JIiy

7
1 5 .A.sSI.81Ied Aggregated Into
1
3 per' or 9

2 years
3

# I m3 flt~
NYSDEC Perdd Samping Manual

5
...

per region

Method
Seasons
Dates Per year
Sites
Depb
Repicates
Samping Interval
Baselne y~
Metric
Methodology .

,

MIl. 2X ReDS 2X Sites ~ Notes
5 5 10 5
9 18. 9 9
7 7 7 7
2 2 2 1
3 3 3 5

MaD.
5
9
7
2
3

Yo
5
9
7
2
3

~
RegD\S
Repicates
Dates
Interva
Years n Baseine

Variance ComDOnerts
Yearly
Dates
Sites
Replcates

0.20
0.55
0.40
0.75

0.20
0.55
0.40
0.75

0.20
0.55
0.40
0.75

0.30
0.80
0.50
1.00

0.10
0.30
0.30
0.50

0.20 a
0.55 see juvenle wksht
0.40 see fish wkstt
0.75 see pel_larvae wXSht

~ ~~ z.1A §Q!a.Predicted Percentiles

ReakJrIaJ Mean
RSE of Date Mean
RSE of. Yearly Mean
Year-to- Ye8' CV
RSE of Baseli'le M&an

0.18
0.22
0.30
0.17

0.25
0.23
0.30
0.18

0.25
0.23
0.30
0.14

0.25
0.23
0.30
0.18

0.32
0.30
0.38
0.22

0.18
0.18
0.24
0.14

0.18
0.45
0.94
0.76

0.30
0.16
0.99
0.53

0.23
0.87

0.98
0.95

0.17
0.48
0.94
0.74

0.13
0.32
0.83
0.59

0.18
0.46
0.94
0.78

Pow.- for Del 25% Increase
Pow.- for Del 50% Increase
Power fa- Del 100% Increase
Incr. Detad. ~ 80% Conf.

0.21
0.41
0.89
0.09

0.24
0.49
0.94
0.'2

0.18
0.35
0.83
0.10

0.17
0.34
0.82
0.10

0.14
0.25
0.65
0.08

0.17
0.34
0.82
0.10

Pqwer fa' Del 3%/Yr Trend
Power fa' Del 5%/Yr Tr8Id
Power fa' Del 1 OYoNr Trend
Trend Detect. with 80% Com.

Lake Mean
RSE of Date Mean
RSE of Yearly MeM
Year-to-YewCV
RSE of Baseli1e Mean

0.21
0.22
0.30
0.13

0.20
0.22
0.30
0.17

0.15
0.22
0.29
0.17

0.21
0.22
0.30
0.17

0.2"
0.30
0.37
0.21
0.00
0.23
0.89
0.98
0.93

0.18
0.15
0.23
0.13

0.17
0.48
0.94
0.14

0.30
0.77
1.00
0.52

0.11
0.47
0.94
0.75

0.13
0.32
0.84
D.sa

0.16
0.47
0.94
0.75

POWS" for 25% Increase
Pow.-- for 50% lnaeaae
Pow« fa' 1 00% Incr..e
IRa. Deted. with 80% Cant.

0.18
0.35
0.15
0.09

0.21

0.42

0.22

0.09

0.18
0.34
0.15
0.10

0.24
0.50
0.21
0.12

0.18
0.35
0.15
0.10

0.14
0.25
0.12
0.07

Power fcr Det. 3~N'r Trend
Power fcr Det. 5%/Yr Trend
Power fcr Dei 1 O%Nr Trend
Trend Detect. wfth 80% Conf.

Refer81ceS:
a ~ for 811 bb variables



A-9Worksheet for Pelagic Larvae

~.

Trawl
BMreeIdy, ApliloJuly

7
2 Ficed. NOtUI & SoutI
3 1.3.6 ~ 118M h..- 18 r8pIk-.
6 per d8ptt tQt8I r8PIIIit8 .
2 V...
3

#/m~~
NYSDEC ~ ~ng ~u..

~.
s ~ P.. 'J88"

SItes
~
R8Pk:a-
Sampi'lg I~
a..IneV~
Metrtc
~dIodokJgy

",

-~~ ~~
2 2 4 2

18 36 18 18
7 7 7 7
2 2 2 1
3 3 3 .

-2
187
2
3

~
2

18
T
2
3

~
Sft8I
R8s*:a-
D-.
nl8fV8l
V.aIa 1\ B8H1in.

Varia':"" Cc-~-~-;!:

Ye8ljy

D8;es

Bask1s

~-

0.20
0.55
0.40
0.75

0.20
0.55
0.40
0.76

0.10
0.30
0.30
0.50

0.20
0.55
0..0
0.15

0.30

0.80

0.80
1.00

0.20 .
0.55 ... ~ wkaht
0.40 see ~h wksht
0.16 b

m.m m m... m.~1Ct8d PeIcenIIes.

0.18
0.22
0.30
0.17

0.18
0.22
O.~
0.13

0.18
0.22
0.30
0.17

0.22
0.3
0.37
0.21

0.13
0.21
0.28
0.11

0.13
0.15
0.23
0.13

0.24
0.89

0.98
0.83

0.17
0.49
0.95
0.73

0.17
0.48
0.94
0.74

0.31
0.18
1.00
0.51

0.13

0.33

0.85
0.57

0.17
0.48
0.94
0.7.

S8Bin ~
RSE of Date Me8n
RSE of V.,.,. Man
Year-Io-V... cv
RSE of a..Ine Me8n

Powerfcw Det. 25% ~
p- for Oet. 50% kIa888e
~ fcw Cet. 1 00% ~
~Q". D8tect. will 80% CalIf.

0.25
0.51
0.85
0.12

0.18
0.38
0.84
0.08

0.18
0.36
0.83
0.10

0.21
o.~
0.80
0.08

0.1~
0.28
0.t1
0.07

0.18
0.35
0.83
0.10

p~ fa Del 3%iYr TIWI.t
P- far o.t. 5'fJYr TIWMi
P_fa 08t.10'1J'(rT~
Trend Det8Cl with 80% Cat.

Lake Mean.
RSEaiOeteMMn
RSE of y~ Man
V..r-to-Year CV
RSEofBuelMM.-\

0.31
0.24
0.31
0.14

0.36
0.31
0.38
0.22

0.30
0.)4
0.31
0.18

0.22
Q.22
0.30
0.17

0.26
0.18
0.25
0.14

0.31
o.~
0.31

0.18

0.18
OA7
0.t4
0.15

0.29
0.74
0."
Q.54

0.13
0.31
0.83
0.82

0.16
0.44
0.93
0.78

0.21
0.12
0.88
0.80

0.22
0.45
0.19
0.12

0.16
0...
0.93
0.18

P_for 25% 1-
~ for 50% In~
Power for 100%~..
Ina. Oetect w\I1 $0% Cant.

0.17
0.33
0.15
0.10

0.'8
0.34
0.15
0.10

0.20

0.39

0.21
0.09

0.14

0.24
0.12
0.08

0.11
0.32
0.14-
0.10

PO'Mr far DeL 3%/Yr T,.m
Power far DeL 5'1oNr1'1Wnd

~ fa C8t. 1O%/Yr TI'WId
Trend Oetecl wIh 80% COI'If.

R8'~:

a8In8d fa" 81 bio ~.
Cyr 8f 81, 1894 eQuaUon. S8mpI8 Variara va. Ablm81C8, Fish LaN88
ToI8l iI ~. 10 100 1000
Repicate CV 0.92 0.68 0.51
AIIumed R8Ig8 0 oS to 1

b



Worksheet for Pelagic Gill Nets A-10

"'

~
Seasona
Sites
Depths
Replicat..
~~
Baselne Years
Metl1c
MethOOoiogy

Gli Neta
Spring & F8I1, Twice In Ead'l S88aon

2 88eded ~y wIhkI 88d1 b8Sk\ (~ aaJIh)
1 total weter ~ depth > 10m
8 4 ,.. per event x 2 .ventl per 88Ua1
2 Years
3

~1ch per una ~rt. seasonS analyzed sepa18tet;
NYSDEC Perdd ~ M81U81 (1994)

*2
8
2
3

Mu 2X R8cs 2X SIts
2 2 4
8 16 8
2 2 2
3 3 3

~
2
8
,
5

Man
2
8
2
3

~
Sites
R~tes
Interval
Yearsi1BaaeJ1ne

Variance Comoonenls
Yearty
Sites
~Ies

0.20
0.40
0.70

0.20
0.40
0.70

0.10
0.30
0.80

0.20
0.40
0.70

0.30
0.50
0.90

0.20 .
0.40 &88 ftIh -.4(sI't
0. TO see .,. IIkstt

~ m ~Predk:ted PItC8ntOee. m m m
Sfte Mean
RSE of YUI1y M..,
YeN -to- Y.. CV
RSE of B~ MMn

0.31
0.38
0.22

0.18
0.27
0.15

0.25
0.32
0.18

0.25
0.32
0.14

0.19
0.2S
0.15

0.25
0.32
0.18

0.19
0.56
0.97
0.67

0.15
0.42
0.92
0.80

0.28
0.73
0.98
0.55

PCNt8' for Del 25% lna.se
Pow. for Del 50% Ina'ease
Pow.-for Del 100% lnaease
Ina. Detect. wIh 80% Conf.

0.13
0.31
0.83
0.84

0.15
0.42
0.82
0.80

0.20
0.80
0.97
0.98

0.20
0.41
0.88
0.09

0.11
0.31
0.71
0.10

Po.-r for Oat 3%/Vr TrMd
Power for DeL 5%/Yr TrMd
Po.-r for Del 1 O%IYr T~
Trend Dated. wfth ~ Calf.

0.14
0.24
0.84
0.08

0.17
0.31
0.78
0.10

0.21
0.43
0.81
0.12

Q.2O
0.38
D.88
D.D9

0.29
0.34
0.18

0.33
0.39
0.22

0.39
0.45
0.28

0.31

0.37

0.21

0.24
0.31
0.18

0.33
0.39
0.17

Lake Mean
RSE of Yeariy Me.,
Year-to-Yew CV
RSE of B~. M-.

Pow« for 25% k1CI'8888
Power for 50% Increase
Pow« for 100% lnaeese
(na'. Detect. wIh 80% Cant.

0.11
0.24
0.70
0.84

0.13
0.30
0.82
0.87

0.14
0.38
0.90
1.13

0.13
0.33
0.85
0.92

0.18
0.44

0.93
0.77

0.21

0.57

0.97

0.87

0.12
0.20
0.10
0.11

0.18
0.28
0.13
0.15

0.14
0.28
0.12
0.12

0.17
0.33
0.15
0.10

O,1e
0,2&
0,16
0.11

Patrerfcx'Det. 3%IVrTrend
PaN« for Det. 5%/Yr TrMd
POWW'fCI'Det.10%NrTrn
Trend Detect. .., eocr. CCI1f.

0.14
0.24
0.12
0.12

Ref 8rW1Ces:

I$IUmed for .. ~ variables.

~



Worksheet for Littoral Trap Nets A-

Trap Nets
S~g & Fall, T~ wIIhk1 Ead\ Se~

e
1
e 3 nkes per event x 2 ~ per ~
2 Y.-s, 3

.caa P«' unI eWtI1. I8asa\I .,aiyz8d separ8te1y
Ioh'SDEC Percid s.; ,g ManuS (1994)

Method
Seasorw
Sites
Depths
Repllca18S
S~p&1g 1nts'V8
B8IeIine Yeara
Metric
MdX)doklgy

ME 2X Reos
5 5
6 12
2 2
3 3

2XS1t8S
10
6
2
3

~li2iIi
5
e
1
5

.-a
5
8
2
3

ME
5
6
2
3

QH/.g[l
Sites
Repr.alaa
tmrva
YeerslnBeseine

Variance Ccmoonents

Yul;iy
Sites
RepJiC8-

0.30
0.50
0.90

0.20
0.40
0.10

0.20
0.40
0.70

0.10
0.30
0.50

0.20
0.40
0.70

0,20 .
0.40 see ~ wi<lht
0.70 .. ~ wksht

m m ~ ~Predlct8d P~ntiles ... ~ m
SI. Mean
RSE of Yearly Mean
Year.ll)- Ye.- CV
RSE of Beseline Meen

0.22-
0.28
0.18

0.29
0.35
0.20

0.35
0.42
0.24

o~
0.28
0.18

0.28

0.35
0.20

0.29
0.35
0.18

0.12
0.27
0.78
0.7'

0.18
0.51
0.85
1.05

0.18
0.51
0.85
0.11

0.14
0.36
0.88
0.87

0.24
0.65
0.88
0.61

Power for Det. 25% 1na'8se
Power for DeL 50% lna-.se
P<*/8r for Del , ~ ~
Ira. Deled. with 80% Cat.

0.14
0.38
0.88
0.87

PO'Mr ftr' Del 3%Nr T~
Power for Det. 5%Nr Trend
~ fCX' DeL 1 OY.lYr Trn
Trend Detect. wfth 80% Conf.

0.13
0.22
0.57
0.09

O.1!
0.28
0.71
0.11

0.19
0.37
0.88
0.14

0.18
0.37
0.88
0.09

0.15
0.28
0.71
0.11

0.18
0.34
0.80
0.10

Lak.e ~an
RSE of Yearly Mean
Yeer-tD- YeM CV
RSE of Baseline M~

0.22
0.30
0.17

0.25
0.36
0.21

0.20
0.28
0.18

0.18
0.25
0.15

0.22
0.30
0.13

0.18
0.24
0.14

0.17
0.47
0.94
0.75

0.21
0.64
0.98
0.90

0.18
0.51
0.95
0:71

0.20
0.61
0.91
0.84

0.31

0.78

1.00

0.52

Power for 25% Increaae

Power for 50% Increa..
Power for 1 00% I naease

Incr. Detect. wtU'\ 80% Ca'1f.

0.13
0.34
0.88
0.61

0.14
0.26
0.12
0.08

0.18
0.36
O.1!
0.10

0.22
0.48
0.19
0.12

0.19
0.37
0.18
0.09

0.22
0.44
0.18
0.08

0.21
0.42
0.22
0.08

Power for DeL 3%/Yr T~
Power f« DeL 5%/Yr TrW'Id
p~ for Det. 1 O%/Vr Trend
Trend Detect. with SO% Cant.

References:

asaumed fa' .. tic) V8ria~.



A-12Worksheet for Juvenile Fish

~

5 ~'?

Seine
Every Three Weeks. M8)"September

T
15 ~ Aggtcag88d into
1 1 meter
3 Peril. 9 Per~
2 V...
3

catCh per tnt e1fOlt
tolYSDEC Centrardjds s.n~ng ~.

"
,

Metlod
~
Dataa ~ ~r
SItes
D~tt'8
RepiC8t8S
SarnPing Inl8rv8/
Baselne Years
M8II'IC
Met'Cddogy

5
e
1
2
5

10
9
7
2
3

5
8
7
2
3

5
18
T
2
3

a
I
7
2
3

5
9
7
2
3

Regto...
Repitat8S
0-
In8IV8J
Ve.-a in BaseUne

Mil
0.10
0.30
0.30
0.50

~
0.20
DoSS
0.40
0.70

V.rianca ~
Yearly
Dates
RegioN
Re~ca-.

MIl~~ ~~
0.30 0.20 0.20 0.20 .
0.80 0.65 0.55 0.55 b
0.50 0.40 0.40 0.40 Me ~ worklt18«
0.90 0.70 0.70 0.70 8M Flshwo~

.. mm. ~lAS. tirs.Predicted Perc81Se8
.,

R~" ~n
RSE of Date Mean.
RSE ofVearty Mean
Vear-to-YurCV
RSE of Beseine Meen

0.23
0.23
0.30
0.11

0.23
0.23
0.30
0.13

0.18
0.22
0.30
0.17

on
0.23
0.30
0.17

0.29
0.28
0.37
0.21

0.18
0.18
O.2A.
o.u

0.16
0.~6
0.84
0.76

0.30
O.Tl
1.00
0.52

0.22
0.66
0.98
0.93

0.17
0.48
0.94
0.74

0.13

O.~

O.S!

0.80

0.16
OA6
0.94
0.76

P~r for Del 25% IncrHle
P~r for Del. 50% I~..
Power for DeL 100% In~
Incr. Detect. wIj, 80% Cod.

0.53
O.BD
1.00
0.04

0.18
0.35
0.83
0.08

0.1a

0.34
0.a2
0.10

0.18
0.34

0.82

0.10

0.23
O.~
0.94
0.12

0.14
0.25
0.57:
0.08

P~ for DeL 3"N'Yr T~
Power for Del 5WVr Trerd
Power f<X' Del 1 O%IYr Tr8rd
Trend Detect. w1U'18~Corf.

LakA Mean
.RSE of Date Mean

RSEdYearttMeen
Year-to-YarCY
RSEofBlSeineMean

0.15
0.22
0.29
0.17

0.21
0.22
0.30
0.13

0.24

0.29

0.37

0.21

0.19
0.22
0.30
0.17

0.18
0.16
0.23
0.13

0.21
0.22
0.30
0.17

0.11
0.48
O.~
0.74

0.30
0.71
1.00
0.52

0.23
0.68
0.98
0.92

0.17
0.47
0.i4
0.75

0.13
0.33
0.85
0.58

0.17
0.47
0.94
O.7S

Power far 25% I~
p~ for 50% Inae..
P~for 100% I~
Incr. DeteC%. MU'l80% COnt.

0.18
0.36
0.16
0.09

0.54
O.~
0.80
0.04

0.24
0.49
0.21
0.12

0.18
0.35
0.1S
0.10

0.14
0.26
0.12
0.07

0.18
0.34
0.15
0.10

PCNt8r far Det. 3'Yaf'(r Trerd
~awer for Del 5'4/'fr TrerxI
Power for DeL 10%1Vr Treld
Trend Detect. . 80% ~.

R'-:" ~:
.
b

MaImed for ~ Do ~
AITIgo( 1998) . CV ~ catH. IUDtaI ZaIe MrISiy. May-Sept Samples
9 01188 0.80
7Da18S 0.32 ~~~esMttlaroca~
.A.8R8d Range 0.30 10 0.80
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Method
s.aons
SItes
DepU'll
Rdca-
s.npIIrIo ntelVal
Yearl i\ s..eIlne
M«ric
Me~

"'.

D8n
Rega.
RepIic88
1nI8rv8
Y ~BaI8I1rw

O.%J .
0.40 b
0.70 c

0.20

0.40

0.10

0.20
O.~
0.70

0.20
o~
0.70

0.30
0.50
0.90

0.10-
0.30
0.50

m ~~m.1a ~

V8ri8~ r'~1s

Y88\y
Acroa~
Rep8cates

Pre~ Pe~d1es

Ra.-t)n81 MAAn P8' SeMon
RSE of SeuaW Mean
Year-to-YurCV
RSE of BMeine Meen
Power for Del ~% IncreMe

Power for Del 50% Inc, ~rfor 0el100% lnaeue

W1Cr . Detect. with 80'% Conf .

0.25
0.32
0.18
0.15
0.42
0.92
0.80

0.25
0.32
0.14
0.28
0.73
0.99
OoSS

0.18
0.27

0.15

0.19
0.56
0.97
0.67

0.25
0.32
0.18
0.15
0.42
0.92
0.80

0.30

0.38

0.22

0.20

0.58

0.97
0.96

0.19
0.28
0.15
0.13
0.31
0.83
0.88

0.20
0.38
0.86
0.09

0.17
0.31
0.78
0.10

0.20
0.41
0.89
0.09

0.17
0.31
0.78
0.10

0.21
0.42
O,go
0.12

0.14
0.24
0.84
0.08

Power for D8t. 3YJYr Trend
PowerforDet. 5YJYrTrend
P~rb' Del 10%/Yr Trerd
T rend Detec-~ wKh ~ Cori.

LAkA Uun PAr S88mn
RSE d Se88Or8I Mean
Year-to-YearCV
RSE of BMeln. MMn
~ for 25% lnaease
Power for 50% IrIa."
Power for 100% I~ese
M. D«ect with 80% Conf.

0.19
0.28
0.12
0.34
0.82
1.00
0.48

0.14
0.24
0.14
0.22
0.65
0.98
0.81

0.22
0.34
0.20
0.23
0.89
0.98
0.85

0.18
0.27
0.15
0.19
0.56
0..
0.87

0.17
0.23
0.13
0.1~
0.38
0.8G
0.58

0.19

0.28
0.16
0.18
0;S3
0.96
0.70

0.23
0.46
0.93
0.08

0.23
0.47
0,93
0.08

0.20
0.40
0.&
0.09

0.19
0.38
0.87
0.09

o~
o.so
0.85
0.11

0.15
0.29
0.73
0.07

Power for Oet. 3%/VrTre~
Power for Del 5%/Vr Trem
Power tor Del 1~r Trend
Trend Det~ wId'I 80% CorIo

Ref8~
. aIUned fa' II ~~..

b

c

Rlrp (Efft8r. 1995. p476). SpaUIl CV. 0.46.0.67
~ F"1sh POPlIations. O~ L8ke, 12 L8<e R~. M8Y""QctAYeI8Q-
Assu~ 50% of speGal V8rI8IIC8 18 bed & ttI8 ~ 18 ~

0bMr\I8d ~ 0.48 to 0.67
~ cOmponent 0.33 10 0.47
AsMJmId Range 0.30 to 0.50

F<Xn8Y et 81 (1994). P 111-10
Pooled Data fIa1I Canadara~. ~. Oneida. & Ca'lesus Lac.
CVsemong ga~ electtd8hing ~ .0.64 for yellcMr perd'I. 0.85 forw8lleye

Miranda It 8' (331).~ ~ repik:8t8 v.8nc. to d1.Ruon & cat:h 18-L.argem)Ut\ bM8 in Mll8l88PP ~.d~ . 15 m8Uee .

Ca1dI Rate (#Ihr) 10 20 100
CV 0.72 0.59 0.38
Alairned Reng.: 0.5 to 0.9

EIedroishing~ & E8rt{ F8I. Twice In E8d\ ~
24 A8IUmId ~ed Into e RegkIrw

< 2 m wtfi ~. R8P8/R8gkIn
8 ~ amp.. per ~ia1 x 2 events per ..son
2 Years
3

C8ch p8' tCI.-. asaumed to be n~ lIC)8'at8Iy
NYSOEC Perck1 s."pq M8nu8I

~ ~ tiGb ~ ~ ~,..
e. e 8 e 12 8
8 8 8 18 8 B


